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Fig. 1b' 

FIGURE 1 
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Fig. 3c. Fl 9- 3d 
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FIGURE 4 




Fig. 5c 
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FIGURE 6 
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FIGURE 2 
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FIGURE 7 
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55.01W 

A METHOD AND APPARATUS FOR COMPLETING A WELL FOR 
PRODUCING HYDROCARBONS OR THE LIKE 

The invention relates to the field of petroleum service tod supply industries, tad more 
ptrtiqilirfr to completing 

While drilling is taking place, the integrity of t wefl is cemtrotted by t drilling mud of density 
that needs to be adjusted to that the hydraulic pressure of the mud column opposes the leaks 
from the formations while simultaneously avoiding damaging the underground formations by 
fracturing them. When the drilled depth exceeds a certain value, the pressure difference due to 
the difference in depth is such that it is no longer possUe to formulate a mud capable of 
perfonningiufonctic*cw 

b necessary to line the bole with metal casing. For this purpose, a certain number of casing 
tubes are placed end to end and lowered down the well, and are nxed to the wall of the weU by 
Cementing, Thereafter, drilling can continue down to the next critical depth. 

EachnewfvHbiDedlengmn^ 
pass through the casmg that u 

staircase structure with a hole that is Urge at the top of the well and much narrower at the 
bottom of the wtH Such a configuration is far from optimal: a large hole at the surface means 
that drilling rime must be wasted in a non-productive zone, whereas a narrow hole in the 
useful rone* docs not frvor production by good Graining of the formation. 

Worse stffl. Uo&ea happens that the ho even before 

boring has reached a critical depth. Such critical zones may, for example, be veins of very 
friable rock or "pockets" of gas which, even though they are usually very localized, constitute 
major sources of danger both for the well and for the work force on the surface. Under such 
circumstances, the only solution is often to cement these zones by putting casing into place 
immediately, thereby further reducing the size of the hole, which can lead to a well being 
abandoned if further difficult zones arc encountered as drilling continues. 
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K wfll also be understood that it it very difficult to repair dunged casing by installing new 
cuing, without further tigmticstfly reducing the size of the hole and thus running the ride of 
preventing penetration of certain took or hems of equipment thai may be needed in the 
production zones, for example. 

Over the last few yean, the induitry has developed new technique* of completing wells or of 
completing them temporarily. so as to minimize the nun*cr of 'Hep*" and to increaae the 
downhok diameter of the wefl. 

Proposals have thus been made to use • composite material comprising an expandable doth 
made of glass fibers impregnated with aoo^orymerized epoxy resin and having a nAber 
membrane covering hs outride fcce which ii directed towvdi the will of the hole. By uting an 
appropriate laying tool, the membrane is appBed against the wall of the bole or a damaged 
portion of casing, and the resin is caused to polymeria by l>eii« heated. Tlwmsmd^ 
that Whiwr IB i« Hint it requires electrical power of the order of 1000 watts per linear meter, 
thus limiting its application to trca^ 

of synthetic nuteriil csnnot constitute a final replacement for metal caring lince that needs to 
be capable, » particular, of withstanding treatmenU based on stroi^ac^ 
that are particularly corrosive. 

US Patent 5 345 095 proposes making eating out of a continuous tube of ductile material 
capable of withstanding large .mounts of plastic deformation. The tube is enlarged by a 
conical tool, and it can optionally be cemented. However, expansion of the tube is 
Mcompanied by a reduction in the total length of tbe tube, and this csn give rise to toteriace 
probleoia at the ends. Furtherniore, the pressure 

US Pater* 5 366 012 proposes a perforated liner provided with overlapping kxigitudinal slots. 
A. mandrel having a large diameter that is greater than the inside diamrter of the perforated 
lioer b used to expand the was of the liner and the orifices become larger. Fiber-reinforced 
cement can then be cast on either ride of the liner, and otice the cemerf 1^ 
the finer is bored again, thereby leaving a casing of fibro-oement that is reinforced by metal 
reinforcement The need for wither boring after cementing constitutes a major drawback of 
that technique. In addition, in the tbove-mentioived case, the pressures required for expanding 
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the tube are quite high And the final length of the Boer U reduced, finally, the dots must be 
pierced in compliance wkh very precise specifications, which leads to a soani&cturing cost 
that is high. 

An object of the present invention is » novd type of expandable casing that does not prcacnt 
the abovennentioned drawbacks of the art 

According to the invention, this object » achieved by a finer for completing a hole in an 
u nder ground formation, the finer being constituted by a spiial -w ound strip of spiral cross- 
section, its kongtudmsJ edges having complementary touching profiles such that after 
expansion the liner b circular in section. 

To complete a wefl, the spiral tube is lowered to the bottom of the hole and its walls are 
spread by ir^eafu of a phcem^ 

a touching position where they form a cylinder. A dosed coimmious liner is thus obtained 
which can be cemented in conventional rnanner without the cement urvad%»g the inside of the 
liner, and thus without there being any need to bore inside the casing. It should be observed 
that the sr^wouiid casing of the 

ktrizontal or inulti-Uterel, given its small diameter in ks contracted state which tends itself 
wa to being installed « narrow 
traditional casing segments, 

the finer of the invention is also well adapted to ftfovisionaOy completing problem zones. In 
any event the hole may optionally be enlarged in the difficult zone and a spiral liner whose 
diameter after expansion is dose to the diameter of the hole before enUrgement may then be 
put into pUce and cemented. Thereafter, drying can continue and the entire column, including 
the zone thsl has aheady been completed, b subicquently completed in corrvectiotial manner. 

The spiral casing of the invention can abo be used for repairing casing that has been damaged, 
since the outside dismeter of the spiral casing after expansion can be selected to be equal to or 
very sfaghuy leas the tnskle dtanxter of the casing tra^ 

The spkil-wound strip preferably has diaxnfered toogitudinai edges that define contact 
surfaces whose general direction lies in a plane which forms a non-zero angle relative to the 
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kmgttudinil axis of the finer. Also preferably, the kwptud*o»* ™we * crenellated lection 
to provide mechanical engagen^ 

In a more particularly preferred variant of the invention, the liner is obtained by coifing up a 
tfripaboirtanaxiathatisaia^ 

such ckr v* H **^ tM ^*. ini ^ ien the finer is in the contracted Hate, it hat edges which fenn a double 
hefix around the cyfinder If the period rfthehela it appropda^ 
figure U obtained wnosetengthis not ajtered by expansion., 

Tlje Hner of the toventkm can 
coiled tuMag. In order to 

together a plurality of sheets, either during nianufacturc of the finer, whkh b preferable when 
using the coiled tubing t^ctakiue. or else duwtty on ihe^ 

The finer of the invention can be made of raetil, e.g. steel or any other material having the 
delink degrees of elasticity and n^ 

is selected, and providing it has not been cemented, then the finer of the invention can 
optionafly be removed, thus malrmg temporary placements possible. 

Other details and advantageous characteristics of the invention appear from the following 
tocriptkmgrvtnvrith 

♦Figure l Uadbgranra 

after expansion, shown in perspective (Figures la and lb) and in end view (Figures la' and 
lb* 

-Figure 2 shows an expansion tool; 

. Figure 3 shows an example of tncdonical engagement using toothed edges (Figures 3a to 
3d) and shows various profile* for nidi toothed edge* 

• Figure 4 is a perspective view of a liner mth* control 
with toothed sections; 
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- Figure 5 ihows a finer of the invention having kygimrfmal edges constituting a double hefix, 
seen in perspective in the contacted state (Figure 5a), after expansion (Figure 5b), and in 
longitudinal flection (Figure 5c); 

• Figure 6 shows an example of temporary completion using a Oner of the invention; 

• Figure 7 shows a typical sequence for coaptation of a production zone; and 

• Figure S shows a variant of a finer of the invention that b perforated and fitted wkh a sand 
screen. 

The concept of the Invention is shown in Figure 1. A atrip, eg a metal strip, is spiral-wound 
(Figures la and la 1 ) with overlap over an angle A. After expansion, the finer is circular in 
section and its kxighucfinal edges come into contact to oonsthute a dosed peripheral surfree. 

If the winding follows an Archimedes' spiral, then writing £ for the thickness of the strip and 
Dc for the pseudonfiameter of the spiral-wound strip in the contracted state, the value De of 
the diameter after expansion is given by the following equation: 

where A, the overlap angle, is expressed in radians, and where the lengths Dc, Dc, and £ are 
expressed in the same units. 

WkhanoverUpof 90* u shown in Figure 1^ 

cm (7") and a thickness £ of 9.5 ram of an inch) is contracted to a diameter Dc of 14.9 an 
(5.86"). For an overlap of 180", the expansion ia dose to 50%. 

By way of example, the tool for expanding the liner of the invention can be constituted by a 
double cone assembly as shown diagianunaticalry in Figure 2, having a first end 10 suitable for 
being fixed to the end of a coiled tube or of a string of rods, and a second end 11 of diameter 
similar to that of the spiral-wound liner in the contracted state, thereby enabling the spiral- 
wound liner to be pushed to the zone which is to be completed. The expansion tool also 
includes an enlarged zone 12 of outside diameter close to the inside diameter of the finer after 
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h his been exploded. Hie enlarged inne U b preftf^ c^>^ «fb«ng itOictrf at lent in 
part by remote control means wch u hydraulic pressure, mechanical means, Of a combination 
of such means as is conventions! for placement toots as used in wdls. 

In the variant of the invention shown in Figure J, the complementary toogjtudmal edges are 
given teeth so as to form s mecniafcal lock. As canl)ese»in<)repaitiedMh;inKgul«3ato 
3d, a toothed edge, in this esse an edge having three »^ can provide el&rtweeogsgenient. 

It may also be observed that the longitudinal edges have a coimu* an» ftcing to * general 
direction ~P .t a nos^aitgk relative to ttonon^^ 

angle of about 4S« nod more generally lying m iUnagtVrto^neneaayvn&mL 

Other variant toothed profiles are ihown m Figure 3e. Tbe lammer of te«th can to 
or on the contrary, decreased, and it is posnale to select profiles that are nearer to being 
squire so as to achieve engagement that is closer to being of the tenon and mortise type. In all 
of tne examples shown in Figure 3, the toothed edges follow a general direction D at a 
c*umengtereutive to the normal totted 

preftrtbry such as to ndmmire radial frioon forces th-t tend to oppose sliding of the two 
cotnplementary portions. A» shown in Figure 3e, the elastic tones Fa and Fb that remit from 
c^.ndmg the i^wound Ener creatt 
the edgaa apart TWs sq»aratkm Ibr^ 
shape of the teeth. 

forces Fa and ttv^asristm loathe to 
ugle A of the finer in the oonttaeted poritioo. Nevertheless, too much overlap also tends to 
inoeaae the radW forces so tint a bsl^ 
expansion and medianicsl locking. 

^ finer is expamled mto tte ^ of a co^ 

geometry of the spital-wound finer and on its eb^ciry, aim to a sntaUer extern on the s^ 
u^ofomecmfedeapamkmiom. To Imft fo^ forc^ h may be sivarasgeevs to select 
an expansion tool constituted by a cone whose apex angle is dose to that of the "natural* 
expansion cone of the spiral-wound finer. 
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As show* more particularly in Figure 4, the ixit of the engagement teeth forms an angle B 
with the axis of the spiral-wound tube. Thii angle B ha* an optnmim value tying between the 
'natural* expansion cone ingle of the liner and zero, however zero is also acceptable. 

Figure 5 show* the most particularly preferred variant of the invention in which the liner is 
obtained by ruling up a (trip about an axis that is at a certain angle relative to the axis of 
symmetry of the atrip. In the contracted position (Figure 5a), the edges form a double fcefix 
around the finer. After expansion (Figure 5bX the two he&oes coincide and the junction tine 
winds helically around the finer. 

A particularly advantageous aspect of this geometry lies in k being possible tor expansion to 
be performed without changing the X length of the liner. It as shown in Figure 5c. the 
"diameters" of the liner are written Dc andDe (where ind^xfi corresponds to the Bnerbemg in 
the oxtacted state and mdex fi to and if the periods of the 

helical curves followed by the longitudinal edgw 

hefix is defined as being the dtoance measured along the longmKfmal axis of the finer between 
two corresponding pouts that are one complete tairo apart around tia 
(or De if the case may be)), and if the length of a longitudinal edge of the finer is written L for 
a finer whose total length is X, h can be akiwn that the length LU equal to: 



X docs not vary. 

WhlitfaU double henxconfigunuk^ 

liner is of thickness W, then the diameter after expansion is given by the equation : 




and that consequently, if the tape is rolled up in such a 




then the length 
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Foully, another consequence of «bi* (comedy is that all point* on the aurficeofthe finer move 
in • plane perpendicular to the nil of the finer Aifing the expansion stage. If the ende of the 
double hefix finer are cut perpendfcuiarty to the longhudbul axis, then after expansion these 
ends will define perfect circles in plane that are themselves r^erpendicular to the longitudinal 
axis of the finer. This disposition is particularly favorable for ensuring scaling of the 
completion at the ends of the liner. 

Figures 6 «ivl 7 are NgNydugiMiniatfcind show two exa^ 

wound finer of the inverioo. it being understood that these examples are not limiting m any 
way. 

In the example shown in Figure 6, the spiril-wound tube is used for completing a zone in 
temporary manner. In a weO m deep water, the problm inay be due to too iniaU a afflHeoce 
between the fr«cturing gradient and the pressure of the formation. There may ahernativeiy be 
problems associated, for example, with the presence of formations that are highly unstable 
(clayey rock, sands, win, etc.) in depletion rones, or other problems that .re well known to 
the iieraon skflled m the art The fmamW 

proportion to their length since anticipated completioii thereof requires cuing to be installed 
on an extra occasion, thereby reducing the dkmeterofmehole. 

Tbe weD has been drilled and easing has been installed in tau^portton l.DnTling has then 
continued beneath the earing shoe 2 to pierce a hole 3 tliat ia substttmaBy cyUndrical, aiid that 
is not cased, prior to reaching a *ooe 4 of length Lz which needs to be treated immediately 
(Figure 6a). The dedrion i* taken to proceed with ten>p<>nuycoBi|toiout^atoaofthe 
invention. A spiral-wound finer 5 is pushed towards the bottom of the well by means of a 
double conical expansion tool « fixed at the aid ofetrAe 7. Tbx expansion tube Ucmwdm 
move on (Rgure ») ao u to anread ar«rt the wato 

diameter (Figure 6c). Once the Knex is in pUce (Figure 6d) the expansion tool is returned to 
the surface and the finer is cemented using Una cxmenttagtechruques (Figure 6e). m 
shown here, the finer is provided with openiiig* 8 w allow cerMstt to paw 
the finer towarda tbe annuhia 9 which is to be cemented, however it is dear that a cementing 
shoe could be used. 
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After expulsion, the inside diameter of the liner is practically identical to the diameter of the 
hoJe in looes where there are no drilling problems (where necessary, the hole can be enlarged 
« the zone that requires treatment by means of a reamer). Drilling can then be started again 
without any need to drin through a cemented zone, and the entire well can be completed in 
accordance with the original drulxtg plan, and without any reduction m the diameter of the 
well. 

It is dear that addftiQTMl »* * centraDar could be used to combination with the liner 

of the invention. Abo, the finer is rjiefcrably fitted with endpteces nude of a inateriaJ that is 
easily <Wbrmed and that is easy to drfll (eg. ahiminum), thereby guaranteeing that the spiral- 
wound finer is properly expanded over iu enire length, 

A typical sequence of using a spiral* wound uner of the invention fix" completing a section of a 
reservoir is shown in Figure 7. Such an operation may be envisaged, for example, with 
formations that are unstable or sandy. 

The spiral-wound finer of the invention is brought in the contracted state to a non-cased 
section of the reservoir (Figure 7a) and it is then expanded by means of an expansion tod 
(Figum7ba«!7c).Ukeanyoth^ 

pierced to alow proouctioo fluids to pass therethrough, and is shown in Figure S, k is 
preferably covert 

to spiral wimfang. The mid is preferably on the outside free of the finer, facing towards the 
watt. 

It should be observed mat the surface area of the roued-up atrip remains unaltered during 
exrjanskttao well arc nc<wt 

place and expanded For the tame reason, the size and distribution of the openings provided 
for allowing the production fluids to pass can be selected in a manner that is entirely 
^dependent of the diameters in the contracted state and in the expanded state. Thin makes it 
possible, in particular, to obtain a liner that is very strong in association with greater stability 
and longer fife of the well. 
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F or »horizootdweu,aapiral-wott^ 

can be placed vciy dose to the formation, even in the up|*r portk» of the finer, and that is 
often not the case with • ccovemional liner that i» mcapeNe of being coiiOTcted. 

So long as it has not been cemented, a spkil^ound linercenbe withdmwnby mansofe 
.pedal tool which separatee the tongtodinal edges sou to afiow the filler to rottim again and 
rcojin to a state simte to thai of ka InWal c^ 

only after several months or yean, care should be taken ton*, materid that is capable of 
rrtf w^ k«el»^nionertoowsuchaloiui|)eriodof^ 

Thegeom«ry oftherpiial-wc^ 

production at low cost For example, it is possible to use metal snips (where wceaiaiy sti^ 
that are welded together) that are placed mef»edenned|>ettenv*g.bypuncheem 
n^orbyahvdr^lHembsvingepunen . The tong^ edg« a« pn&«bty rectified 
continuously so a. to give them a toothed profile, and grid, .n* staS-ly be welded at least 
.loog one of the longhudind edges before winding into a ^ F«»ily. the rtrip may be 
.pud-wound directly and then coiled, either confinumuly or else rfUr being up ten enual 
lengths. 

In general. It Is preferable to pay out a finer of the invention fiw a ted since thd » cheaper 
once the section to be completed is long, and more rdidde tinco connectiom « ooitted 
Nevertheless. H is equally possible to use liners of fixed length and to perform completion in a 
zone by repeatedly piadng and expanding lengths of liner. 
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CLAIMS 

1/ A finer for completing a hole in an underground formation, the Boer being constituted by a 
spiral-wound strip, tti longitudinal edges having complementary touching profiles such that 
after expansion the tincr is circular in jectioa 

2/ A liner acconfing to daim I, characterized in that the kmgitudinai edges define 4 contact 

surface of general direction 1> lying in a plane that forms a non-zero angle relative to the 
longitudinal axis of the Ener 

3/ A finer according to daim 2, characterized in that said ingle formed by the general direction 
"d of the contact surface lies in the range 30° to 60° 

4/ A finer according to any preceding claim, characterized b that the touching longitudinal 
edges have a sawtooth profile, 

5/ A finer according to any preceding daim, characterized in that the finer is obtained by 
rolling up a itnp about an axis that is at a certain angle relative to the axis of symmetry of the 
strip. 

6/ Aimer seconding to a^ 

7/ A liner according to claim 6, characterized in that it is covered in a grid. 

8/ A finer according to claim 7, characterized in that the grid is welded on. 

9/ A method of completing a note » an underground formation in which a spiral-wound strip 
b lowered down the hole, and the Strip is opened unti a circular section t* obtained by means 
of a conical placement tool for putting the longitudinal edges into a touching position. 

107 A method according to claim 4, characterized in that it also includes a cementing 
operation. 

11/ The use of the method according to claims 9 or 10, for temporary completion of zones 
that are depleted or unconsoEdated, 
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12/ The use of the method according to diim 9 or 10 ( for repairing * ctaing, 

1 3/ The use of the method of diira 9 for completing a production zone. 

147 A system for completing t hoJe in in underground formation, characterized in thai it 
includes ft finer according to any one of claims I to S and an expansion tool suitable for 
tpUying apart the kwgttodinji edges until they take up a poctkm where they touch etch other 
edgo-to-edge. 

IV A tool for wWidmwin* a liner accotdii* toanyoneofdro 

means for moving the kmghudinal edges apart by a dbmeter greater than the diameter 

comprismg to ft circular section and enabling the finer to shrink to as to recurs to a sptral- 

wound configuration of a diameter that UsnuDencAigh to enab^ 

the well. 
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